This study focused on the synthesis of copper/carbon (Cu/C) composites through hydrothermal treatment of copper (II) acetate in the presence of xylose. The effect of the Cu content in the Cu/C composite on its electrochemical properties was investigated. The reduction of Cu 2+ (CuO) to Cu 1+ (Cu2O) and Cu 0 was observed during the hydrothermal reaction. The structure, surface morphology and metal dispersion of the Cu/C composites with and without carbonization treatment at 550 °C for 1 h were characterized by X-ray diffraction, scanning electron microscopy and transmission electron microscopy, respectively. The electrochemical properties of the Cu/ C composites, in terms of cyclic voltammograms and galvanic charge/discharge, were investigated. The Cu/C composite formed with a 10 wt.% Cu loading by the one-step hydrothermal treatment at 190 °C for 24 h presented a good Cu dispersion on the carbon surface, and displayed a good charge transfer and high specific capacitance of up to 370 F/g.
Introduction
The expanding global utilization of energy in daily life is of increasing concern due to the limited availability of non-renewable energy resources and the increasing level of air pollution. The solution to these problems requires not only the availability of new renewable energy resources, but also the need for a more effective utilization of energy. Biomass is an alternative, sustainably renewable energy resource that often does not cause pollution, and is considered more environmentally friendly through its zero carbon footprint. Carbon could turn out to be the most promising candidate for future energy storage 1) 2) .
Carbon nanotubes have gained a lot of recent attention as supercapacitor electrodes because they present remarkable mechanical, chemical and electrical properties 3) 4)
. Graphene and modified graphene electrodes have a good capacitance of up to 442 Fg-1 due to their unique structure with a high electrochemical surface area 5) ～ 7) . However, the severity of the conditions of their synthesis, involving a high temperature with flammable methane gas, and the high production cost are limiting factors. Recently, carbon derived from biomass waste under a more simple and mild synthesis condition has gained more interest for electrode preparation than conventional nanostructured carbon, because biomass waste is readily available and cheap. In addition, the utilization of biomass waste approaches the green carbon science concept to reduce carbon emissions 8) .
The hydrothermal processing of biomass has been proposed as an environmental benign process, where the hydrothermal treated carbon could be applied extensively in various fields for the storage of electrical energy. . However, the ability of the Cu/C composite materials to be used in energy storage applications has not been reported.
In this work, a Cu/C composite was prepared by the simple hydrothermal treatment of copper ( 
Preparation of Cu/C composites by the two-step method
The two-step synthesis of Cu/C was performed by sequential hydrothermal carbonization followed by hydrothermal synthesis. First, the carbon microsphere was prepared by hydrothermal treatment of a 50 wt.% xylose solution in a Teflon-lined stainless steel autoclave at 190 °C for 24 h. The carbon microspheres formed were then harvested by centrifugation and dried at 90 °C for 4 h. Secondly, the carbon microspheres were mixed in 10 wt.% Cu(CH3COO)2.H2O solution and the mixture was then subjected to hydrothermal treatment, harvested, washed and dried as in section 2.1 to yield the two-step synthesized Cu/C composite.
Thermal treatment of the Cu/C composites
For the thermal treatment of the Cu/C composites, 1 g of the Cu/C composite was placed at the center of a tube inside an electrical furnace and purged with nitrogen gas (N2; 99.99% purity) for 15 min. The tube was heated to 550 °C at 10 °C/min and then held at 550 °C for 1 h with a constant N2 flow rate of 40 cm 3 /min. After that, the furnace was cooled down to room temperature to obtain the thermally treated Cu/C composite.
Electrochemical measurements
Electrochemical measurements were performed in a three electrode system, shown schematically in Fig. 1 .
The working electrode was prepared by mixing 40 wt.% active material, 10 wt.% carbon black and 50 wt.% polytetrafluoroethylene (PTFE) binder in DW and dried 
Where Q (charge) is derived from half of the integrated area of the CV curve, ΔVc is the potential window, µ is the scan rate of the CV measurement and m is the mass of active material.
Characterization of the Cu/C composites
The structure, surface morphology and metal dispersion on the Cu/C composites were evaluated by X-ray diffractrometry (XRD), scanning electron microscopy (SEM) and transmission electron microscopy (TEM), respectively.
Results & Discussion
The morphology of the one-step and two-step synthesized Cu/C composites formed from 10 wt.% Cu(CH3COOH)2 in xylose solution are shown in Fig. 2 . Both the one-step and two-step synthesized Cu/C composites had a spherical shape with particle diameters in the range of 1-2.5 µm. The two-step synthesized Cu/C composite appeared as clusters on the carbon surface in both the SEM (Fig. 2(a) ) and TEM (Fig. 2(c) ) images. In contrast, the one-step synthesized Cu/C composite showed a good dispersion of Cu nanoparticles in the texture of the carbon microsphere ( Fig. 2(b) and 2(d) ). Thus, the Cu nanoclusters could be embedded in the carbon microsphere during the hydrothermal treatment, which would likely improve the stability of the specific capacitance 15) .
The crystal phase of Cu in the respective Cu/ C composites was evaluated by XRD analysis, with representative spectra shown in Fig. 3 . The series of diffraction peaks at a 2θ value of 43.21°, 50.37° and 74.05°
were characteristic of the reflection of the Cu (111), (200) and (220) 
The electrochemical performances of the different
Cu/C composites were investigated using a three electrode profiles of the one-step and two-step synthesized Cu/C composites are shown in Fig. 4(a) , and displayed a regular rectangular shape approaching that of an EDLC. After thermal treatment, the electric charge (as in the integrated area under the CV curve) increased from 8.3 mC to 19.5 mC, while that for the two-step synthesized Cu/C composite was the lowest as 2.65 mC. The specific capacitance of the two-step synthesized Cu/C composite and the one-step synthesized Cu/C composite without and with subsequent thermal treatment were 50 F/g, 160 F/g and 370 F/g, respectively, at a scan rate of 20 mV/s (Fig. 4(b) ) The amount of charge storage was dependent on the contact surface area between the carbon material and electrolyte. Therefore, the Cu/C composite after thermal treatment, which had an inter-particle porous structure with a large surface area, had a higher charge capacitance.
The GCD curves of the Cu/C composite are shown in Fig.   4 (c) and 4(d), where the curves present a nearly symmetric shape except for a slight distortion resulting from effect of pseudo-capacitive redox reaction 18) . The increasing the charge/discharge time with a decreasing current density (Fig. 4(d) ) was attributed to the longer time period for the electrolyte ion to pass through the inner surface, and so reflects an increased electroactive surface area for charge storage.
The Cu content affected the electrochemical characteristics, as shown in Fig. 5 . The rectangular shaped CV curves were evident at 2 wt.% Cu and 6 wt.% Cu and approached that of an EDLC. However, at a high Cu content (10 wt.%) there was distortion of the voltammogram due to the effect of the redox reaction of Cu. With respect to the specific capacitance, the Cu/C composite with 10 wt.% Cu had a markedly different specific capacitance (370 F/g) compared to those with 2 and 6 wt.% Cu (130 and 139 F/g, respectively), due to the effect of both the EDLC and pseudo-capacitive redox reaction.
Conclusion
The synthesis of Cu/C composites was performed by a simple one-step hydrothermal treatment of xylose in Cu(CH3COO)2 solution. The one-pot synthesis gave a Cu/C composite with a good Cu dispersion in the carbon texture, whereas the two-step synthesis showed clusters of Cu on the carbon surface. The different morphologies between the one-step and two-step synthesized Cu/C composites provided slightly different electrochemical properties.
However, subsequent anaerobic thermal treatment at 550 °C for 1 h gave a more significant effect on the electrochemical characteristic, due to it increasing the electroactive surface area. In addition, the Cu content had a strong effect on the electrochemical characteristic of the Cu/C composite.
The Cu/C composite with a 10 wt.% Cu performed as a combination between an EDLC and a pseudo-capacitive redox reaction to synergize the electrochemical capacitance.
From this study, Cu/C composites can be considered as an alternative electrode material in supercapacitors.
